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Multiple Melting of Porphyritic Chondrules. 

There are several lines of evidence that porphyritic 

chondrules have experienced multiple melting events. 

These include the presence of relict grains [1,2], igne-

ous rims [3,4], and enveloping compound chondrules 

[5]. Wasson et al. [6] showed that multiple overgrowth 

layers on low-Ca pyroxene phenocrysts in porphyritic 

pyroxene (PP) and porphyritic olivine-pyroxene (POP) 

chondrules were formed by several melting/cooling 

events. The overgrowth layers appear in back-scattered 

electron (BSE) images as sets of dark-to-bright zoning 

bands. Low-Ca pyroxene phenocrysts in porphyritic 

chondrules have up to nine sets of dark-to-bright BSE 

layers [6]; each set represents a separate melting event. 

There are two different kinds of chondrule-melting 

events: (a) a primary event that caused extensive melt-

ing (perhaps 90-100%) and produced the spheroidal 

shapes of the chondrules due to surface tension and (b) 

secondary events that caused minor degrees of melting 

(perhaps 5-20%). Most of the secondary events melted 

all the high-FeO mesostasis in the boundary region 

immediately adjacent to the mafic silicate phenocrysts 

as well as varying amounts of low-FeO mesostasis 

slightly farther away. In more-extreme heating events, 

thin layers of the adjacent mafic phenocryst may also 

have melted. The liquid tended to become moderately 

well mixed during many secondary melting events.  

For heating events during which most of the 

mesostasis was melted, the first layer to crystallize at 

the edge of a low-Ca pyroxene grain during cooling 

would be relatively rich in MgO, but poor in FeO and 

CaO (and thus BSE-dark). During fractional crystalli-

zation, the melt layer adjacent to the phenocryst be-

comes gradually more ferroan, resulting in higher FeO 

and CaO contents in the subsequently crystallized py-

roxene overgrowth layer (which is BSE-bright). 

Each episode of overgrowth formation increases the 

size of the phenocrysts and decreases the total amount 

of residual mesostasis. Fractional crystallization causes 

the bulk FeO/MgO ratio of the residual mesostasis to 

increase after each melting/cooling episode. However, 

the last pyroxene to crystallize has higher FeO and 

CaO than the adjacent boundary layer of melt.  

At some point CaO in the mesostasis becomes so 

high that Ca-pyroxene crystallizes at the edges of low-

Ca pyroxene phenocrysts. It appears that after Ca-

pyroxene becomes the liquidus phase, no new low-Ca 

pyroxene overgrowths form on the phenocrysts. 

Sluggish diffusion in low-Ca pyroxene [7] largely 

preserves overgrowth layers, even after multiple heat-

ing events. However, because Fe and Mg diffusion 

rates are ~40× higher in olivine [8], diffusion leveling 

generally causes overgrowth layers on olivine to be-

come too subtle to be recognizable in BSE images. 

Melting of Typical Droplet Chondrules. There is 

a general consensus that ferromagnesian droplet chon-

drules (i.e., those with radial, barred or cryptocrystal-

line textures) formed by complete melting of their solid 

precursor assemblages during a primary melting event 

[e.g., 9] and avoided subsequent episodes of less exten-

sive melting. There should be no olivine or low-Ca 

pyroxene overgrowth layers on the bars and laths. 

However, Rubin [10] provided evidence that a barred 

olivine (BO) chondrule in Semarkona experienced one 

primary and three secondary melting events. 

Barred Pyroxene-Olivine (BPO) Chondrule N8e. 

We identified another droplet chondrule that seems to 

have been melted multiple times. Chondrule N8e from 

Semarkona thin section AMNH 4128-2 is a large BPO 

chondrule (Fig. 1) with an apparent diameter of 2080 

µm. It consists of (in vol.%) 65.4% low-Ca pyroxene, 

11.1% olivine, 12.4% opaque phases (metallic Fe-Ni 

and sulfide), 7.1% Ca-pyroxene  and 4.0% mesostasis. 

In this BPO chondrule there are elongated olivine 

grains situated between the pyroxene laths. This is not 

a normal porphyritic texture; such chondrules typically 

consist of relatively coarse isolated phenocrysts sur-

rounded by mesostasis [11]; they formed from incom-

plete melts [12]. The lath-like morphologies of the oli-

vine and pyroxene grains in N8e indicate that they 

formed from a melt. Nevertheless, the quasi-hexagonal 

structure of the chondrule (Fig. 1) suggests that a few 

relict grains were present after the primary melting 

event. This event probably melted 98% of the chon-

drule precursor materials. Low-Ca pyroxene (typically 

Fs19Wo1.6) bars in the chondrule are 20-250 µm in size 

and have euhedral to elongated morphologies. The bars 

are separated by minor amounts of mesostasis and ~1-

30-µm-size rounded metallic Fe-Ni and sulfide blebs. 

Many of the low-Ca pyroxene bars contain 1-8 vol.% 

rounded vugs (0.5-10 µm in diameter) (Fig. 2). Several 

of the low-Ca pyroxene bars in the chondrule are over-

grown by two to five 5-15-µm-thick alternating BSE-

dark and BSE-bright layers (Fig. 2). The layers tend to 

be asymmetric and in many cases do not completely 

surround the underlying layers or the grain core. 

Olivine (Fa28.1) phenocrysts (~10-100 µm in appar-

ent diameter) occur throughout the chondrule. Many 

olivine grains are intergrown with low-Ca pyroxene. 
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The feldspathic mesostasis consists mainly of clear, 

colorless, isotropic glass; it contains ~2 vol.% small (1-

5 µm) rounded to elongated Ca-pyroxene crystallites. 

Most of the Ca-pyroxene in the chondrule occurs as 

~15-µm-thick overgrowths atop the low-Ca pyroxene 

phenocrysts at their interface with the mesostasis.  

After the primary melting event, surface tension 

caused the N8e droplet to assume a spheroidal shape; 

during cooling, a few relict nuclei helped produce the 

overall quasi-hexagonal pattern of the mafic silicates. 

Initially, the bars were thin; mesostasis containing 

opaque blebs occurred between the bars. The bulk of 

the metallic Fe-Ni and troilite formed a large patch 

near the chondrule center during cooling (Fig. 1).  

 

 
Fig. 1. Barred pyroxene-olivine chondrule N8e in Semarkona. 

Gray phases are olivine and pyroxene; white phases are metallic 

Fe-Ni and sulfide. BSE image. 

 

Chondrule N8e experienced several less-extensive 

secondary melting events in which the mesostasis, me-

tallic Fe-Ni, sulfide, and (possibly) thin layers of the 

mafic silicate phenocrysts were melted. The mesostasis 

was moderately well mixed during each melting event. 

During crystallization, the first overgrowth layer to 

form around the pyroxene bars was more magnesian 

than the bars (and, hence, BSE-dark). As fractional 

crystallization caused the melt to become more ferroan, 

low-Ca pyroxene with higher FeO/MgO crystallized as 

an overgrowth layer (a BSE-bright zone) around the 

low-Ca pyroxene phenocrysts (Fig. 2). This process 

repeated until CaO in the mesostasis increased suffi-

ciently to make Ca-pyroxene the liquidus phase.  

Conclusion. Multiple melting of ferromagnesian 

chondrules was not restricted to typical porphyritic 

textural types. At least some droplet chondrules also 

experienced several secondary melting episodes.  

 

 
Fig. 2. Low-Ca pyroxene phenocrysts in chondrule N8e in 

Semarkona. Several show a series of overgrowth layers; up to 

six numbered overlying BSE-dark and BSE-bright sets are evi-

dent. aug = augite; mes = mesostasis; px = low-Ca pyroxene; olv 

= olivine. BSE image.  
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